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(54) Subterranean formation treatment with solids 



(57) Subterranean tomriations are treated by intro- 
ducing a earner fluid containing suspended solid parti- 
cle8» which have been coated with a non-hardening 
tackifying agent, mixing a solid material of larger size 
with the coated particles whereby the coated particles 
sticic to the larger solid material and the solid particles 



and larger solid material are unifomily suspended in the 
carrier fluid, and depositing the larger solid material and 
the coated smaller particles in the subterranean forma- 
tion. 
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ifying compound coated proppant particles stuck thereto 
are deposited in the fractures in the subterranean for- 
mation so that upon flowing back fluid from the fomiation 
the proppant particles and the defomfiable partteles do 
not flow-back. 

[001 2] By the present invention . improved methods of 
treating subterranean fonnations using solid particles 
and other larger solid materials are provided. A method 
of the invention basically comprises the following steps. 
A carrier fluid containing suspended solid particles 
which have been coated with a non-hardening tackifying 
compound is introduced into a subten-anean fomnation. 
A partteulate or other shaped solid material of larger size 
than the solid particles are mixed with the tackifying 
compound coated solid particles suspended in the car- 
rier fluid whereby the smaller solid particles stick to the 
larger solid material and the larger solid material is uni- 
formly suspended In the canler fluid along with the solid 
partteles. Thereafter, the larger solid material and the 
tackifying compound coated solid particles stuck thereto 
are deposited in the subterranean fonnation so that up- 
on flowing back fluid from the fonmation the solid parti- 
cles and the larger solid material do not flow-back, 
[001 3] The earner fluid utilized in accordance with this 
invention is preferably selected from the group consist- 
ing of an aqueous gelled liquid, an emulsion, a foamed 
fluid, a viscoelastic surfactant fluid and water. Of these, 
an aqueous gelled liquid is preferred. The water utilized 
in the aqueous gelled liquid can be fresh water or salt 
water. The temi "salt water" is used herein to mean un- 
saturated salt solutions and saturated salt solutions In- 
cluding brines and seawater. A variety of gelling agents 
can be included In the can'ier fluid to increase the vis- 
cosity thereof and suspend the solid particles and larger 
solid material therein. The gelling agents can be natural 
and derivatized polysaccharides which are soluble, dis- 
persible or swellable in an aqueous liquid to yield vis- 
cosity to the liquid. One group, for example, of polysac- 
charides which are suitable for use In accordance with 
the present Invention Includes galactomannan gums 
such as guar gum and the like. Modified gums such as 
cart)oxyalkyl and hydroxyalkyi derivatives like car- 
boxymethyl guar and hydroxypropyl guar can also be 
employed. Doubly derivatized gums such as car- 
boxymethylhydroxypropyl guar can also be used. Mod- 
ified celluloses and derivatives thereof can also be enrv 
ployed. Examples of waler-soluble cellulose ethers 
which can be used include, but are not limited to, car- 
boxyethylcellulose, carboxymethyteellulose. car- 
boxymethylhydroxyethylcellulose. hydroxyethylcellu- 
lose, hydroxypropyteellulose and the like. The gelling 
agent is Included in the aqueous cannier fluid in an 
amount in the range of from about 0.01% to about 3% 
by weight of the carrier fluid. 

[0014] In order to further enhance the development of 
the viscosity of the carrier fluid, the gelling agent used 
can be cross-linked by the addition of a cross-linking 
agent to the aqueous carrier fluid. The cross-linking 



agent can comprise a borate releasing compound or any 
of the well known transition metal ions which are capa- 
ble of creating a cross-linked structure with the particular 
gelling agent utilized. Preferred cross-linking agents for 

5 use with the above described gelling agents include, but 
are not limited to, borate releasing compounds, a source 
of titanium ions, a source of zirconium ions, a source of 
antimony ions and a source of aluminum ions. When 
used, a cross-linking agent of the above types is includ- 

10 ed in the aqueous treating fluid in an amount in the range 
of from above 0.01 % to about 1 % by weight of the gelling 
agent therein. 

[0015] The solid particles suspended in the carrier flu- 
id can include, but are not limited to, graded sand, wai- 
ts nut hulls, bauxite, ceramic materials: glass materials 
and polymer beads. Of these, graded sand is preferred. 
The solid particles are generally included In the cannier 
fluid In an amount In the range of from about 0.1 pounds 
per gallon to about 34 pounds per gallon. 
20 [0016] The non-hardening tackifying compound uti- 
lized in accordance with this Inventton can be a liquid or 
asolution of a compound capable of fomiing a non-hard- 
ening tacky coating on the proppant particles suspend- 
ed In the carrier fluid. 
25 [0017] A preferred group of tackifying compounds 
which can be utilized in accordance with this invention 
are polyamides which are liquids or insolvent solutions 
at the temperature of the subterranean fomnatlon to be 
treated such that the polyamides are, by themselves. 
30 non-hardening when present on the solid particles intro- 
duced into the subterranean fomnation. A partlculariy 
prefen^ed product is a condensation reaction product 
comprised of commercially available polyaclds and a 
polyamine. Such commercial products include com- 
as pounds such as mixtures of C^q dibasic acids containing 
some trimer and higher oligomers and also small 
amounts of monomer acids which are reacted with 
polyamines. Other polyacids include trimer acids, syn- 
thetic acids produced from fatty acids, maleic anhydride, 
40 acryt to acid and the like. Such acid compounds are avail- 
able from companies such as Witco, Union Camp, 
Chemtall and Emery Industries. The reaction products 
are available from, for example, Champion Chemicals, 
Inc. 

45 [0018] The polyamides can be converted to quater- 
nary compounds by reaction with methylene chloride, 
dimethyl sulfate, benzytehloride, diethyl sulfate and the 
like. Typically, the quatemization reaction can be effect- 
ed at a temperature of from about 1 00**F to about 200**F 

so over a time period of from about 4 to 6 hours. 

[0019] The quatemization reaction can be employed 
to improve the chemical compatibility of the tackifying 
compound with the other chemrcals utilized in the treat- 
ment fluids. Quatemization of the tackifying compound 

55 can reduce effects upon breakers in the earner fluid and 
reduce or minimize the buffer effects of the compounds 
when present in canier fluids. 
[0020] Additional compounds wh toh can be utilized as 
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tackifying compounds include liquids and solutions of. 
for example, polyester, polyethers and polycarbamates. 
polycarbonates, styrene/butadlene lattices, natural or 
synthetic resins such as shellac and the like. 
[0021] The non-hardening tackifying compound used 
can be coated on dry solid particles and then the coated 
solid partteles mixed with the canier fluid or the tackify- 
ing compound can be mixed with the carrier fluid con- 
taining suspended solid particles and coated thereon 
In either procedure, the tackifying compound Is coated 
on the solid partteles in an amount of from about 0.01 % 
to about 5% by weight of the solid particles. IMore pref- 
erably, the non-hardening tackifying compound is coat- 
ed on the solid partksles In an amount in the range of 
from about 0.5% to about 2% by weight of the solid par- 
ticles. 

[00221 The particulate or other shaped solid material 
of larger size than the solid partk:les that is mixed with 
the tackifying compound coated solid particles suspend- 
ed in the earner fluid can include, but is not limited to, 
fibers, shavings, platelets, defonnable partteles and ir- 
regular shaped pieces. Of these, defonnable partteles 
are generally preferred. The fibers, shavings, platelets, 
defonnable partteles and irregular shaped pieces can 
be formed of varteus solid materials including, but not 
limited to, glass, ceramte. rubber, silicon, plastic, poly- 
mer, resin and metal. The deformable partteles are pref- 
erably fomied of rubber coated proppant, resin beads, 
soft metal particulates, resin coated metal partteulates 
and the like. 

[0023J When the larger solid material is mixed with the 
tackifying compound coated solid partteles suspended 
in the carrierfluid, the tackifying compound coated solid 
partteles stfck to the larger solkl material and as a result, 
the larger solid material is uniformly suspended in the 
earner fluid atong with the solid partteles. As mentioned, 
without the tackifying compound coating on the solid 
partteles suspended in the can-ier fluid, the larger solid 
material either floats to the top of the canier fluid or set- 
ties to the bottom of the carrier fluid depending upon the 
physteai property differences between the solid partteles 
and the larger solid material such as size, shape spe- 
cific gravity, etc. 

[0024] The larger solid material is mixed with the tack- 
ifying compound coated solid partteles in an amount in 
the range of from about 0.1% to about 100% by weight 
of the tackifying compound coated solid partteles. 
[0025] Another method of the present invention for 
treating a subterranean fomfiatran is comprised of the 
following steps. A viscous fracturing fluid containing 
suspended proppant partteles whteh have been coated 
with a non-hardening tackifying compound is introduced 
into fractures fonned in the subten^nean formation. De- 
formable particles of larger size than the proppant par- 
tteles are mixed with the fracturing fluid and the tackify- 
ing compound coated proppant partteles suspended 
therein whereby the proppant partteles sttek to the de- 
fonnable partteles and the defonnable particles are uni- 



fonnly suspended in the fracturing fluid along with the 
proppant partteles. The defonnable particles and the 
tackifying compound coated proppant partteles stuck 
thereto are deposited in the fractures in the subterrane- 
s an fonnatton so that upon flowing back fluid from the 
formation the proppant partteles and the deformable 
partteles do not ftew-back. 

[00261 The viscous fracturing flukJ and the non-hard- 
ening tackifying compound are the same as those de- 
10 scnbed above as are the proppant partteles and the larg- 
er deformable particles. 

[0027] Apreferredmethodof this invention fortreating 
a subtenBnean fonnation is comprised of the steps of- 

(a) introducingacarrierfluid containing suspended solid 
« particles whteh have been coated with a non-hardening 
tackifying agent into the subterranean fonnation- (b) 
mixing a partteulate or other shaped solid material of 
larger size than the solid partteles with the carrierfluid 
and the tackifying compound coated solid particles sus- 
so pended therein whereby the smaller solid partteles stfck 
to the larger solid material and the larger solid material 
IS unifonnly suspended in the carrierfluid along with the 
smaller solid partteles; and (c) depositing the iargersolid 
matenai and the tackifying compound coated smaller 
25 solid partteles stuck thereto in the subterranean 

tion 80 that upon flowing back fluid from the ff . - Ation 
the smaller solid partteles and the larger solid .lerial 
do not flow-back. 

[0028J Another preferred method of the present in- 
30 vention for treating a subterranean fonnation is com- 
prised of the steps of; (a) introducing a viscous fracturing 
fluid containing suspended proppant particles whteh 
have been coated with a non-hardening tackifying com- 
pound into fractures fonned in the subterranean fonna- 
35 tion; (b) mixing deformable partteles of larger size than 
the proppant particles with the fracturing fluid and the 
tackifying compound coated proppant partteles sus- 
pended therein whereby the smaller proppant partteles 
stick to the larger defonmable particles and the larger 
w defomiable partteles are unifonnly suspended in the 
fractunng fluid along with the smallerproppant partteles- 
and (c) depositing the larger defoimable particles and 
the tackifying compound coated smaller proppant parti- 
cles stuck thereto in the fractures in the subterranean 
fonnation so that upon flowing back fluid from the for- 
mation the smaller proppant particles and the larger de- 
fonned partteles do not flow-back. 
(00291 In order to further illustrate the methods of this 
invention, the following examples are given. 



50 



Example 1 



Without Tackifyi ng Compound . 9fin ^rom, ^, 
20/40-mesh bauxite proppant was mixed in 300 cc of 
55 30-ib-per-1000 gallon cartjoxymethyihydroxypropyl 
guar fracturing fluid. While stirring using an overtiead 
stinger, 65 grams of deformable, mbber-coalBd particu- 
late was added to the proppant sluny. After stirring was 
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stopped, the content was allowed to settle. An obvious 
segregation of particles was observed as most of the 
deformable particulate settled on top of the proppant 
pack. 

Example 2 

[0031] With TackifYinq Compound - 250 grams of 
20/40-mesh bauxite proppant was first coated with 2.5 
cc of tackifylng compound known by the trade designa- 
tion "SANDWEDGE-NT**" (Halliburton Energy Sen/ic- 
es, Inc.) by stinring with an overhead stirrer. The treated 
proppant was then mixed with 300 cc of 30-lb-per-1 000 
gallon cartDOxymethylhydroxypropyl guar fracturing flu- 
id. While stinring using an overhead stirrer, 65 grams of 
defonnable, rubber-coated particulate was added to the 
proppant slurry. After stln-ing was stopped, the content 
was allowed to settle. In contrast to what was obsen/ed 
in Example 1 , there was no segregation of particles 
among the proppant slurry. The defomnable particulate 
distributed evenly in the proppant pack. 
[0032] Thus, the present invention is well adapted to 
attain the objects and advantages mentioned as well as 
those which arc Inherent therein. While numerous 
changes may be made by those skilled in the art, such 
changes are encompassed within the spirit of this inven- 
tion as defined by the appended claims. 

Claims 

1. A method of treating a subten-anean fonmation. 
which method comprises introducing a earner fluid 
containing suspended particles into said subten-a- 
nean fomrwtlon; said particles comprising solid par- 
tides which have been coated with a non-hardening 
tackifylng agent, and a particulate or other shaped 
solid material of larger size than said coated parti- 
cles whereby said smaller coated particles stick to 
said larger solid material and said larger solid ma- 
terial is suspended in said carrier fluid along with 
said smaller solid particles; and depositing said 
larger solid material and said tackifylng compound 
coated smaller solid particles stuck thereto in said 
subterranean formation so that upon flowing back 
fluid from said fonmation said smaller solid partteles 
and said larger solid material do not flow-back. 

2. A method according to claim 1 . wherein said partk:- 
ulate or other shaped solid material is introduced 
into a suspension of said coated partteles in said 
carrier fluid. 

3. A method according to claim 1 or 2, wherein said 
carrier fluid comprises at least one aqueous gelled 
liquid, emulsion, foamed fluid, viscoelastte sur- 
factant fluid or water 
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4. A method according to claim 1 , 2 or 3, wherein said 
solid particles comprise at least one of graded sand, 
walnut hulls, bauxite, ceramic materials, glass ma- 
terials and polymer beads. 

5 

5. A method according to any of claims 1 to 4, wherein 
said non-hardening tackifylng compound compris- 
es a polyamide, polyester, polyether, polycar- 
bamate, polycart)onate, styrene-butadiene latttee 

10 or natural or synthetic resin. 

6. A method according to claim 5, wherein said non- 
hardening tackifylng compound is comprised of a 
polyamide which is the condensatten reaction prod- 
is uct of a dimer acid containing some trimer and high- 
er oligomers and some monomer acids, with a 
polyamlne. 

7. A method according to any of claims 1 to 6, wherein 
20 said non-hardening tackifylng compound is coated 

on said solid particles in an amount of from 0.01% 
to 5% by weight of said solid partteles. 

8. A method according to any of claims 1 to 7. wherein 
25 said larger solid material comprises one or more fib- 
ers, shavings, platelets, defonnable particles or ir- 
regular shaped pieces. 

9. A method according to any of claims 1 to 8, wherein 
30 said larger solid material is mixed with said tackify- 

ing compound coated solid particles in an amount 
of from 0.1% to 1007o by weight of said tackifylng 
compound coated solid particles. 

35 10. A method according to any preceding claims in 
whteh the fracturing fluid is viscous, and the larger 
solid material comprises defomnable particles. 
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